The study aimed to verify the application and performance of triggers for adverse 
Introduction
Newborns are considered vulnerable to adverse drug events due to their physiological immaturity, difficulty in determining their body proportions for drug dosage, practical limitations to drug administration, inability to communicate with the attending health team to alert them to symptoms, and the high numbers of drugs used for their treatment when hospitalized 1, 2, 3, 4 . Additional factors include the limited participation by this patient population in clinical trials for registration of new drugs, leading to extrapolations based on the results of studies conducted in older children and adults 5 .
Thus, the surveillance of possible adverse drug events at all levels of care, including hospitals, is important to assess the risk/benefit of the medications use, especially in more vulnerable populations 6, 7 .
A strategy known as triggers has been proven to be a superior tool (compared to the conventional system of voluntary reporting) for investigating adverse events in hospitalized patients 8 . A trigger can be found by reviewing the patient's chart, and its presence allows focusing the investigation to determine the occurrence and measurement of adverse drug events 9, 10 .
Although studies have been performed on the use of triggers to identify adverse drug events in the pediatric population, thus far there has been no research on triggers for the identification of adverse drug events exclusively in hospitalized newborns.
Sharek et al. 11 used triggers for adverse events in a neonatal intensive care unit, but their triggers were focused more on the identification of events related to care by the health team. In addition, they did not specify whether all the patients in the unit belonged to the neonatal age group.
This study thus aimed to propose triggers and verify their application and performance for active surveillance of adverse drug events in hospitalized newborns from 0 to 29 days of age.
Methods
We performed a cohort study applying a patient chart review technique that used a list of triggers for the identification of adverse drug events. The work was conducted at a university hospital in the city of São Paulo, Brazil. This is a teaching hospital devoted to medium-complexity medicine and with 178 beds. The study took place in the Neonatal Intensive Care Unit (neonatal ICU) and the Intermediate Neonatal Care Unit (INCU). The research project was approved by the Institutional Review Board at São Paulo University (case review 835.506/2014).
The list of triggers was determined jointly by the Medical and Clinical Pharmacy Neonatal Teams in neonatology. To develop the triggers' list, we analyzed the standard drugs at the institution, selecting those most frequently prescribed and with the most serious and/or most frequent adverse drug events related. Other triggers used by Takata et al. 8 , Sharek et al. 11 , Matlow et al. 12 , and Silva et al. 13 were included in the list. The team also recommended additional triggers based on the hospital's profile of care.
For purposes of this study, adverse drug event was defined as "any unfavorable clinical occurrence during drug treatment but which does not necessarily bear a causal relationship to the drug" 14 .
A pilot study was performed from December 9, 2014, to January 30, 2015, at the hospital's neonatal ICU with the aim of testing the list of triggers and data collection tools. A total of 18 patients were followed in the pilot study. Adverse drug events triggers were searched in the hospitalized newborns' charts, medical prescriptions, and laboratory test results. At the conclusion of the pilot study, the data collection tools and list of triggers were revised and adjusted. The process resulted in a final list of 48 triggers (Table 1) , classified as follows: (1) 7 antidote triggers: substances used to antagonize the toxic or exarcerbated effects of a medicinal product 15 ; (2) 18 clinical triggers: sentinel words that can identify adverse drug events in annotations by health professionals on the patient's chart 1 3 ; (3) 23 laboratory triggers: altered results of laboratory tests leading to suspicion of the occurrence of an adverse drug events 16 .
The sample size was set at 125 newborns, calculated by using the total number of hospitalized newborns in the hospital's neonatal ICU and INCU in the year 2013. The study considered an expected incidence of 10% of adverse drug events in a population of 1,244 newborns, with 95% confidence interval (95%CI) and 5% margin of error.
Cad. Saúde Pública 2018; 34(P):e00069817 The sample was drawn from all admissions of newborns to the INCU and neonatal ICU. Data were collected from March to September 2015, and patient charts were reviewed at least 3 times a week.
The study included all newborns admitted to the neonatal ICU and INCU that received at least one drug.
The hospitalized newborns were included in the sample when they met the eligibility criteria. These newborns were followed up to discharge or the 29 th day of life, since a newborn is defined as every individual from 0 to 28 days of life 17 .
The study excluded hospitalized newborns that only used the following drugs: diaper rash creams, antiseptics for the umbilical stump and/or topical use, physiological saline solution (0.9% sodium chloride) for inhaled use and/or nasal cleansing, BCG and hepatitis B vaccines, and oral and/or injectable vitamin K. Vitamin K is administered to every Brazilian newborn soon after birth and up to 7 days of life for prophylaxis of hemorrhagic disease of the newborn 18 . According to the Ministry of Health's vaccination schedule, soon after birth every newborn receives a single dose of BCG vaccine for tuberculosis prophylaxis and the first dose of hepatitis B vaccine 19 . The study did not consider adverse drug events that occurred in the newborn due to medication taken by the mother.
The study variables collected from annotations on the newborns' patient charts were: unit where the newborn was admitted: INCU and/or neonatal ICU; classification of the newborn: term versus preterm; gender: female or male; diagnostic hypothesis at admission; number of triggers identified in the patient records; number of triggers identified that detected adverse drug events; number of adverse drug events identified; and the drugs related to the adverse drug events that were identified.
In order to monitor the hospitalized newborns, each patient's records were reviewed in the following order: patient charts, medical prescriptions, and results of laboratory tests. When a trigger was Cad. Saúde Pública 2018; 34(P):e00069817 identified, it was recorded on the data collection tools and a search was made for possible adverse drug events that could be signaled by the trigger. When an adverse drug events was identified, it was analyzed according to the patient's clinical conditions, timing between the drug's administration and appearance of the event, and data from the literature. Although the medical team recorded the patient's clinical evolution three times per day while the newborn was in the unit, if the same trigger was identified all three times, it was only tabulated once.
Adverse drug events are already monitored routinely by the attending team, since the institution is part of the Sentinel Hospitals Program of the Brazilian Health Regulatory Agency (Anvisa) 20 , seeking to validate an instrument to facilitate the active surveillance of these events. Thus, suspected serious adverse drug events during the study were reported to the Pharmacosurveillance Department.
At the end of data collection, the events that had been identified were reassessed to verify whether they might be associated with the respective drugs, according to the pharmacological profile, the patient's clinical conditions, and timing between administration of the drugs and the events. Included in this reassessment were the pharmacist in charge of the data collection and identification, the neonatal clinical pharmacist, and the hospital's risk management pharmacist, besides two physicians from the neonatology team.
The triggers' performance was calculated using the yield model proposed by Giordani et al. 16 and Rozenfeld et al. 21 , with three components. The first component was calculated by dividing the number of times the trigger was identified by the total number of patients assessed, times 100 (1); the second, dividing the number of suspected adverse drug events identified by the trigger by the total number of patients assessed, times 100 (2); the third was calculated by dividing (2) by (1), times 100.
The component 1 expresses the workload needed to identify adverse drug events, since the more patients with triggers in their records, the greater the workload for identification of adverse drug events. The component 2 expresses the trigger's capacity to identify adverse drug events. The third component expresses the triggers' yield, i.e., each trigger's relative potential, compared to the others, to identify adverse drug events.
The triggers' performance was obtained as the weighted mean yield, calculated as the ratio between the total number of triggers found and the total number of patients assessed, times 100, and the total number of adverse drug events identified by the triggers found divided by the total number of patients assessed, times 100. Thus, triggers were grouped in performance categories based on mean yield: high-performance triggers, with 100% yield; medium-performance, with yield between the mean value and 99.9%; and low-performance, with yield below the mean.
We calculated the mean and standard deviation for the triggers and the adverse drug events identified, stratified by neonatal care unit and classification at birth.
Results
A total of 922 triggers were found, which were positive 208 times for the identification of suspected adverse drug events, corresponding to the final number of 115 confirmed adverse drug events. The number of times the trigger was positive is important for calculating the trigger's performance 11. However, for the final number of adverse drug events, each event was only considered once, since the same event could be identified by more than one trigger.
The total population (125 patients) showed a mean of 7.4 triggers (standard deviation -SD ± 8.5) and median of 5 (Q1 = 2.0 and Q3 = 10.0). There was a mean of 0.9 adverse drug events per patient (SD ± 1.3) and median 0.0 (Q1 = 0.0 and Q3 = 1.0). The number of triggers found per patient varied from 0 to 51. The number of adverse drug events identified by the triggers varied from 0 to 7, and the extreme values of 51 triggers and 7 adverse drug events were seen in the same newborn.
Triggers' mean yield was 22.6%. Nine triggers showed high performance. Table 2 shows the yield and performance categorization for each of the triggers used in the identification of suspected adverse drug events.
Fourteen triggers failed to identify any adverse drug events: unplanned intubation; cardiorespiratory arrest/cardioversion; prescription of phenobarbital; transfer to more intensive care unit; anemia;
Cad. Saúde Pública 2018; 34(P):e00069817 hypocalcemia; hypophosphatemia; hypoglycemia; hypomagnesemia; hypotension; leukocytosis; leukopenia; neutrophilia; thrombocytopenia. The most frequently identified triggers were: drop in oxygen saturation (211.2/100 patients); increase in bowel movements (160/100 patients); medication stop (94.4/100 patients), and vomiting (80.8/100 patients). Increased frequency of bowel movements and vomiting were also the triggers that identified two of the most frequent adverse drug events in the study, namely diarrhea (29.6%) and vomiting (23.5%). The following triggers were not identified in the patient charts: prescription of methylene blue; prescription of levothyroxine; antihistamine prescription; prescription of neostigmine; hearing impairment; pneumonia; increase in liver enzymes; hypermagnesemia; hyperphosphatemia, and eosinophilia.
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Discussion
The triggers' yield can be influenced by the number of triggers included in the study and the way the multiple occurrences of the same trigger are recorded 22 .
The triggers most identified in the study -those whose component 1 varied from 80.8 to 211.2/100 patients -reflect greater ease of detection in the patient charts. However, they also involve a higher workload in their analysis, since they may also be related to frequent symptoms in the study population and that may not reflect adverse drug events.
The triggers that were identified less frequently (from 0.8 to 1.6 triggers/100 patients) also require a greater workload to be found in patient charts, since they are rarer triggers. However, they may identify more serious adverse drug events, such as cardiorespiratory arrest or transfer to a more intensive care unit. The latter trigger can be useful for detecting serious adverse drug events that may have occurred in hospitalized newborns in the INCU that were later transferred to the neonatal ICU. This trigger was also used by Unbeck et al. 22 , with a 20.6% yield, in an overall of 22.9%, in 600 patients from 0 to 18 years of age, including newborns. The current study did not detect any adverse drug events related to this trigger, perhaps because it identifies very severe and rare events, since patients in the INCU are not critically ill. It is possible that with a larger sample or one with more severe patients, this trigger would detect these adverse drug events.
As for performance (component 3), the triggers categorized as high-performance were not necessarily the ones most frequently recorded on patient charts. However, when they were found, they showed that an adverse drug events had occurred. Such triggers featured oversedation, prescription of flumazenil, prescription of methadone/lorazepam, and prescription of naloxone.
Even some triggers with intermediate performance are important in clinical practice. Vomiting is one example. This trigger was used to replace prescription of antiemetics as a trigger, which is part of the list of pediatric triggers, applied to older children to identify nausea and vomiting 8 . In the case of newborns, nausea is hard for the neonatology team to detect, in addition to the fact that the patient cannot explain the feeling. Besides, antiemetics are not used in this age group. Although vomiting as a symptom that is common to various underlying conditions, such as sepsis, which can be confused with the adverse drug events, it is an important trigger for the detection of this type of gastrointestinal disorder that can be caused by many drugs.
Increased frequency of bowel movements also shows intermediate performance but is an important trigger for detecting diarrhea. Diarrhea can be caused by various drugs, especially antimicrobials, due to their capacity to alter the intestinal flora 23, 24 . The list of triggers for adverse drug events in older children and adults 8, 9, 10 includes the prescription of antidiarrheals, a drug class not used in newborns. Although diarrhea is usually not a serious event, it can lead to dehydration, failure to gain weight, or weight loss. However, this trigger entails a high workload, since newborns have an exacerbated gastrocolic reflex 18 , making the newborn pass a stool soon after feeding. Therefore, to suspect that an adverse drug reaction occurred, one should consider the newborn's habitual frequency of bowel movements in order to then determine an increase in frequency and occurrence of suspected adverse drug events.
Suspension of a medication and drop in oxygen saturation are examples of low-performance triggers. Medication stop can be a useful trigger for assessing the association with use of the suspected drug, despite the low yield, since abrupt interruption of a drug can serve as a warning of the possible occurrence of an adverse drug event 8, 13, 25 . Meanwhile, drop in oxygen saturation was identified numerous times on the patient charts, since it is part of the neonatology team's routine workup. Since it is a frequent sign in newborns with illnesses related to the respiratory system and the inherent immaturity of premature neonates, this trigger did not prove adequate for investigating adverse drug events in the study population, since it require a high workload for the analysis and a low yield for identifying adverse drug events.
As for triggers that were not identified even once in the patient charts, hearing impairment is an example. This trigger was not adequate for detecting adverse drug events, because in this specific hospital, newborns' hearing is assessed by the speech therapy team. However, the assessment of the causal relationship between use of ototoxic drugs and hearing impairment is only done by that team after the patient's discharge, during outpatient follow-up. In this assessment, hearing tests are repeated for Cad. Saúde Pública 2018; 34(P):e00069817 confirmation of the event, and from there the patient is referred for more in-depth diagnostic workup and initiation of treatment with otorhinolaryngology. During neonatal care, the team only records the patient's use of the ototoxic drug.
Further, the presence of triggers on the patient chart requires careful interpretation and assessment of each case. For example, newborns, and especially premature neonates, can present a physiological increase in arterial pressure, characteristic of their development 23, 24 , which requires care when interpreting increased arterial pressure as a trigger.
Likewise, recording medication stop as a trigger requires asking the attending team about the reason for the suspension, since it can occur due to termination of the treatment or dose adjustment. This likely explains why the trigger was considered false-positive several times in the current study.
The same care should be taken when assessing the presence of triggers indicating gastrointestinal bleeding, like bloody stools or dark brown vomit. Newborns may present these two signs when they swallow maternal blood during birth and up to three days afterwards, or from fissures in the mother's nipples during breastfeeding. Confirmation of the source of blood in the feces or vomit requires performing the Apt-Downey test, which differentiates between fetal and adult hemoglobin 26 . Since it was not possible during the study to confirm whether this test had been performed, or whether the mother had cracked nipples, caution is advised when interpreting events detected by these triggers.
Details on the events identified by this study and the drugs involved will be the object of future publications.
Limitations
It can be difficult to detect altered laboratory tests in newborns, especially in premature neonates, who are further subdivided by weight and gestational age. Their biochemical parameters may also be altered physiologically by the inherent immaturity in this age group. Importantly, consensus meetings with the attending team can minimize these difficulties but not eliminate them entirely, since based on the aforementioned reasons it is difficult to determine whether the change in some laboratory parameters resulted from an adverse drug events or some other cause.
The quality of information on the patient charts is a limiting factor for identifying triggers and suspected Aadverse drug events 11, 21 . During the patient chart review, some information was incomplete because the annotations had not been updated.
Another limitation was having to search for the rest of information in patients who had been discharged before the patient chart review occurred. In such cases, it was necessary to request the patient chart from the hospital medical archives and statistics department.
The lack of a gold standard method for identification of adverse drug events in hospitalized newborns is also an important limitation for comparison of results, besides hindering the assessment of suspected cases, an issue that has been observed by other authors 8, 11, 12, 13, 21 .
Conclusions
The triggers listed on the basis of this study can be used for the active surveillance of adverse drug events in health care institutions with a similar profile, focusing on those with the best performance and lowest workload for identification. 
